Iran as an energy-rich country faces many challenges in the optimal utilization of its vast resources. High rates of population and economic growth, a generous subsidies program, and poor resource management have contributed to rapidly growing energy consumption and high energy intensity over the past decades. The continuing trend of rising energy consumption will bring about new challenges as it will shrink oil export revenues restraining economic activities.
Introduction
Possessing 11 percent of global oil reserves and 15.3 percent of global natural gas reserves (second only to Russia), Iran is one of the major players in the world energy market and in the global economy. However, a rapid increase in its own demand for energy has raised concerns about the country's ability to continue to export oil and to improve its economic and environmental conditions. Iran's crude oil export has already declined from an average 2,561 thousand barrels per day in the 1990s to 2,364 thousand barrels per day during the 2000s (EIA, 2011) . Iran has become increasingly dependent on gasoline imports as gasoline consumption has been rising due to the rapidly increasing number of passenger cars and the low price of gasoline.
The use of natural gas and electricity has also been swiftly rising on average at the rate of 16.4 and 5.9 percent per year over the past 30 years and more than doubling in recent years (Table 1) .
Furthermore, sanctions for investment and production in the energy sector by the U.S., and recently the EU and the UN, have made it harder to meet the rising trend in energy consumption in Iran. As Table 1 shows, the total primary energy consumption has increased by 5.8 percent while the total primary energy production has increased by only 4.3 percent over the past 30 years (EIA, 2011) .
If the current trend in energy consumption continues, Iran will have to cut its exports of crude oil and natural gas to meet domestic demand. A decline in oil exports would have a dramatic impact on the economy, which is heavily dependent on oil revenues. More than half of government revenues and 80 percent of total export revenues come from oil exports, and many economic activities, particularly in the manufacturing industry sector, rely on imports of intermediate goods which are financed by oil export revenues (Central Bank of Iran, 2009 ). The rising energy consumption has also caused deterioration of environment and health conditions, particularly in large cities such as Tehran 1 .
The increasing energy consumption in Iran is partly due to the country's fast growing economy (Medlock and Soligo, 2001 ), but the large energy subsidies and poor management have aggravated the consumption trend. The share of subsidies in the government budget has reached about 12 percent (Farzanegan and Markwardt, 2009 ) and the per capita energy consumption has been rising by 5 percent, on average, over the past 40 years. However, the energy intensity in Iran is one of the highest in the world, representing a high level of inefficiency in the use of energy (EIU, 2006) .
Although scenario studies on the future demand for energy are abundant, they have mostly focused on OECD or major developing oil-importing countries such as China and India (van Benthem and Romani, 2009 , Adams and Shachmurove, 2007 , Rana, 2003 , Pesaran et al., 1998 . The research on energy demand in energy-rich countries such
as Iran is limited and most of the studies cover only a specific sector, an energy type, or short-run forecasting (Jiang and Hu, 2005 , Davoudpour and Ahadi, 2006 , Ahmadian, et al., 2007 , Sadeghi and Hosseini, 2008 . The fact that scarcity has not been deemed a critical economic or political issue in energy-rich countries may explain the limited research in this area. Distorted prices and lack of data along with tight government control of the energy sector may also have been a contributing factor in discouraging energy demand studies in those countries.
In the present study, we model energy demand in Iran by different energy carriers and in different sectors of the economy using a techno-economic or end-use approach. In some cases, where time series data are available, the regression method is also employed. Given the highly distorted energy market in Iran, where government fully controls supply and prices, using conventional econometric methods is not always appropriate as they produce misleading results that cannot be used for future projections. For instance, the elasticities for different energy types are often not significant as prices have been kept very low for a long period. Using those elasticities to forecast future demand would generate biased results, as the low prices are not sustainable and the elasticities will likely change (Fettini, 2003) . The techno-economic approach, in such a case, can produce more reliable results in long run scenario analysis as it relies on fundamental factors, which are not subject to short-term fluctuations. It also does not solely draw on historical data but takes into account the likely technological, structural and policy changes in the future. The shortcomings of this approach are that it requires a high number of numerical inputs for which finding reliable data might not be easy (Larsen and Nesbakken, 2004) and that it This study is a comprehensive study that models Iranian energy demand using the enduse approach and data for all economic sectors at different aggregation levels and a combination of methods to illuminate the future of energy demand under alternative scenarios. The results of the study have great policy implications as they indicate a huge potential for energy conservation and therefore additional revenues and emission reduction under the efficiency scenario compared with the base scenario. We will first present a brief review of modeling energy demand in section 2 followed by an overview of Iran's economic and energy sector indicators in section 3. We then use the model to estimate the demand under a business-as-usual (BAU) scenario as our base scenario in section 4 and apply efficiency measures to examine potential energy savings under the efficiency scenario in section 5. In section 6, we discuss the economic and environmental implications of the study and in section 7 we present concluding remarks.
Modeling Energy Demand
There are two general approaches to model final energy demand: Top-down and bottom-up. The top-down or econometric method uses historical data at the macro level to estimate consumption trend and the effects of socio-economic variables on the demand for energy. These models rely on the economic theory on demand for inputs (derived demand) and employ variables such as prices and income as major determinants of the demand for energy. The bottom-up, also called technoeconomic or engineering approach, however, uses energy billing data and detailed survey information on household, appliances, and capital characteristics to determine the end-use energy consumption by each type of appliance or capital and to simulate the total energy consumption for the sector, region, or economy.
The techno-economic approach has some advantages over the conventional top-down or econometric models which are commonly used in energy demand analysis. First, the econometric models use historical data to capture the trend and macroeconomic and socioeconomic effects, but they often require data that reflect market equilibrium, which may not be available in a developing country, such as Iran, due to government intervention in the market and distorted prices. The techno-economic models get around this problem by using non-price observations based on energy surveys, technical studies, and energy audits. Second, the techno-economic models generate more accurate predictions than econometric models in the long run as they are more flexible in taking into account all information and allowing for future policy changes in forecasting. Third, relying on continuous historical data, econometric models do not fully capture the technological effects and structural changes, both of which are critical in the analysis of energy consumption. Therefore, those models often do not adequately address the effects of new technologies or change in regimes on energy consumption. Disadvantages of the bottom-up models are the requirement for detailed input information and many assumptions on household or firm behavior. They also do not use economic variables and are computationally intensive. Kohler et al. (1997) for the German building sector, Huang and Broderick (2000) for the American building stock, Murakami et al. (2009) for the building sector in Japan, Palmer et al. (2006) for housing energy demand in UK, Farahbakhsh et al. (1998) for the Canadian housing stock, Lechtenböhmer and Schüring (2011) for the EU building stock, and Griffith et al. (2007) for commercial buildings in US. Koopmans and te Velde (2001) combine these approaches by using a top-down model and employing bottom-up information to estimate demand for energy in Netherland.
In general, the selection of one or the other approach depends on the objective of the study. If the aim is to study the long-run trend, assuming that there would not be a discontinuity, or to obtain elasticities to conduct short run macro policy analysis, the top-down approach may be the better option for modeling energy demand. However, as Swan and Ugursal (2009) 
Where E hjt is the demand for energy of type j in sector h at time t, K it is an i th energy-using capital or a consumer durable goods, e ijt is the type j energy coefficient for capital i, and it is the utilization rate of capital i. Although price and income, the main components of the energy demand models in econometric models, are not present here, they affect E indirectly through their impacts on the parameters e and (Pesaran et al., 1998) . Estimating E requires detailed information on K as well as energy consumption behavior parameters e and . This data is usually available through household or industry energy surveys, expert surveys, technical studies, and energy audits. In some cases, where the desired disaggregated data is not available, we rely on econometric analysis to obtain historical trend, but adjust the results for the likely structural and major policy shifts when we use them for long run forecasting. In our study we analyze four sectors (H= 4; household, industry, transport, and others: commercial, public, and agriculture), and six energy carriers (J = 6; fuel oil, gas oil, kerosene, gasoline, electricity, and natural gas).
An Overview of the Economy and the Energy Sector
Iran is a developing mid-income and resource-rich country with an oil-centered economy. Oil 
Business as Usual (BAU) Scenario
The BAU scenario describes a likely energy demand path if no far-reaching changes in consumption patterns are made. Therefore, it assumes that the economy and the energy sector will basically follow the past trends. It also takes into account new developments in the economy based on patterns of world economic growth as well as policies outlined in the national FiveYear-Development-Plan (FYDP) and the 20-year vision approved by the Iranian authorities.
GDP and population growth are two major variables driving energy demand. Using past trends and recent developments and policies, we project the future values of those variables.
Economic growth and population growth have been relatively high but volatile for the past 30 years; the average economic growth rates have been -1.3, 6.3, and 8.2 percent for the 1980s, 1990s and 2000s, respectively. The negative growth rates in the 1980s were due to the Iran-Iraq war, and higher growth rates afterward were mainly due to higher oil prices and post-war reconstruction activities. The economic growth rates are expected to slow down and stabilize as the economy reaches a higher level of development in the next 25 years. Therefore, we assume GDP will grow by 5.5, 3.4, and 3 percent in the next three decades. The population has been growing on average by 2.3 percent over the past 30 years, but the rates have changed considerably within this period. The population growth rates have been 3.4, 1.7, and 1.5 percent for the 1980s, 1990s, and 2000s. The unprecedented population growth rates in the 1980s were mainly due to the removal of the family plan programs and government support for larger family sizes after the 1979 revolution. However, the change in the family plan policy in the 1990s led the population growth to slow down. We assume the population will continue to grow on its long run trend by 1.3 percent over the next 20 years, but will slow down to 0.9 percent as the economy develops in the 2020s.
In the following section, we present the results for the energy demand by households for fuel and electricity using aggregate and survey data. We will then present the model's results for the manufacturing industry using survey data and for the transport sector using both survey and aggregate data. The agriculture, commercial, and public sectors will be presented as other sectors. In deriving the BAU scenario results, the model is calibrated in every sector to the base year (2005) 4 . A diagram showing the organization of the work is provided in the appendix.
Households
Households account for about 37 percent of the total final energy consumption. They use about 20 percent of the total oil products, 63 percent of natural gas, and 32 percent of total electricity consumption. The household energy consumption pattern has changed markedly since 1990
because of government's policy of substituting natural gas for oil products. Household consumption of oil products has increased on average by about half a percent annually, but the consumption of natural gas and electricity have increased by 19 percent and 6 percent per year for the past 15 years, respectively (Iran Energy Balance, 2007). We study household demand for energy in two sections; Fuel and electricity. In the fuel section, we model the demand for oil products and natural gas using aggregate data. In the electricity section, we model the demand for electricity using detailed household survey data.
Fuel
Natural gas is now a major energy carrier in the residential sector. In 2005, Iranian households used about 63 Mboe oil products such as gas oil and LPG, and about 197 Mboe natural gas.
According to the National Iranian Gas Company (NIGC), 7.5 million households had access to natural gas in 2004, which is projected to grow on average by about 3 percent annually until
2025. This means that every year about 33000 new households will join the natural gas grid. The estimated regression results show that population and GDP are significant factors in explaining the changes in demand for oil and gas by household, with the former having a stronger effect.
Using the estimated values for future demand and future shares of each energy type based on the existing and the future government policies, we break down the results into demand for kerosene, gas oil, LPG, and natural gas. One of the key factors in estimating the future shares of energy carriers in household demand for oil and natural gas is the government policy to increase the share of natural gas in the household fuel basket from 79 percent to 95 percent. Accordingly, shares of kerosene, gas oil, and LPG are assumed to decrease from 16, 2.6, and 2.7 percent in 2005 to 2, 2, and 1 percent in 2030, respectively.
The use of oil and natural gas by households is broken down into space heating, cooking, and water heating and their shares are assumed to remain the same during the study period. Table   3 shows the BAU scenario for household consumption of oil products and natural gas in different types of use. The total demand for oil products and natural gas by household is projected to grow 
Electricity
Household demand for electricity is estimated using an end-use approach. This approach uses technical data that allows for analyzing various scenarios regarding the changes in technology and consumption patterns. The demand for electricity (E) by a household depends on the electrical appliances and their penetration rates as follows:
Where is the penetration rate and el jt is the amount of electricity used by each appliance measured by the number of appliances (K) multiplied by their energy coefficients (e). M is the total number of appliances in a household. The total demand for electricity (TE) can then be estimated using the information on population and family structure as follows.
where N is the population in the initial year, r the population growth rate, n the size of the household, C the number of customers, and H the number of households. Although the very detailed micro data on household consumption of energy is not available in Iran, there is some survey data in Tehran by Tehran Regional Electricity Company (TREC) along with other published reports by TAVANIR (the public utility corporation), which can be used to analyze and estimate the electricity demand for household at a disaggregated level.
The major appliances used by Iranian households are reported in Table 4 . Most modern appliances are used in the urban households, but as the economy develops the penetration rates of new appliances and electronic devices will increase. The major changes are assumed to occur in the penetration of lamp, freezer, microwave, air conditioner, and computer. The government policy to encourage the use of low consumption lamps (CFL) and the gradual realization of the benefits of using those lamps by households will lead to a higher penetration rate of new lamps.
As income rises, the use of some appliances such as freezer, microwave, tea/coffee maker, washing machine, and particularly, air conditioner and computer will also increase. There is no data on appliances for the rural areas, but using some general information about living conditions of the households in rural areas, the penetration rates of appliances for these households are estimated. For instance, the penetration rates for appliances such as freezer, microwave, and washing machine are assumed zero and for appliances such as TV and refrigerator a fraction of the urban penetration rates. The total penetration rates are obtained by applying the appropriate weights, which are the shares of urban and rural households using electricity. Table 5 shows the results of the BAU scenario for household electricity demand for the 
Industry
Industry accounts for about 42 percent of the Iranian GDP, and uses about 21 percent of total final energy (Central Bank of Iran, 2007 , Iran Energy Balance, 2007 . Natural gas is the dominant source of energy in industry, which accounts for nearly half of the total energy used in this sector.
The share of natural gas in the total energy use by industry has been increasing because of government's aggressive policy of substituting natural gas for oil products. We model energy demand in industry using the survey data on manufacturing industries with more than 10 workers available through the Statistics Center of Iran. We use information at the two digit ISIC Chemical industry has the highest energy use (27 percent) among the manufacturing industry groups, followed by Basic Metals (18 percent), Non-Metallic Minerals (16 percent), Refinery (11 percent), and Food and Beverages (10 percent). About 48 percent of energy used by the manufacturing industry is natural gas, 26 percent fuel oil, 17 percent electricity, 7 percent gas oil, 1.7 percent liquefied petroleum gas (LPG), 0.6 percent gasoline, and 0.3 percent kerosene.
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We use the following equation to estimate the energy demand by manufacturing industries in the BAU scenario:
where e is the energy intensity and VA the value-added. The current value added for each group is converted to the constant value-added using the corresponding price deflators and the future value-added for each manufacturing industry projected using the past growth rates taking into account the objectives outlined in the Ministry of Industry plans, the fourth national FYDP (2004) (2005) (2006) (2007) (2008) (2009) ) and the 20-year vision. Most manufacturing industries are expected to grow on average at a rate of 8 or 9 percent at the beginning of the period and at a rate of 4 to 6 percent per year at the end of the study period. The future energy demand for manufacturing industry groups is estimated using the energy intensity and the estimated value added for each group and each Table 7 shows the demand for energy in manufacturing industries by energy types. It was projected using a sector by sector distribution of energy carriers. Further it was assumed that due to government policy and structural changes, natural gas will have the highest growth rates followed by LPG, gasoline, and gas oil. 
Transport
In 2005, the transport sector used about 28 percent of the total final energy consumption, 54.7 percent of the total oil product consumption, 0.16 percent of natural gas, and 0.07 percent of electricity (Iran Energy Balance, 2007) . That year, about 450 billion passenger kilometers were travelled by car (54%), bus (41%), train (2%), and airplane (2%). Also about 208 billion toneskilometer freight has been transported by trucks (92%) and train (8%). The main energy carriers used in the sector are gas oil, gasoline, kerosene, and jet fuel. Natural gas (LPG and CNG) has also been added to the energy basket of the sector, but its share is negligible. We use the following equation to estimate the demand for energy in the sector:
where V it is the total number of vehicles of type i at time t, T it is the travel distance per vehicle i per year, and e it is the specific energy consumption by vehicle type i at time t. Note that this is similar to equation 1 where C it =K it , and T it = . The vehicle types are passenger car, bus, and trucks. The number of vehicles is estimated using a regression equation with population and GDP as two main explanatory variables. The energy carriers are gasoline, gas oil, and CNG for vehicles. The demand for energy by train, air, and sea transport are estimated separately.
Basic information about road transport is summarized in Table 8 . The number of passenger cars is about 6 million in 2005 and will grow with per capita income. The regression results indicate that GDP and population are the two main drivers in the demand for cars 8 .
Specifically, in the past 30 years , for every 1 billion rials (constant 1997 values) on average 2,000 new vehicles, and for every 1 million addition to population, 17,000 new vehicles are added to the transport system. Because of a low gasoline price, a boom in car manufacturing industries, and higher income, the number of cars has been growing rapidly in recent years, but it is expected to stabilize when the market is saturated. According to the estimation results, the number of cars will grow on average at the rate of 4.5 percent per year to 18.26 million cars in 2030. The total travel distance per car per year is 24,000 km on average, which is expected to reduce to 22,000 km as the use of public transport will grow rapidly. The average gasoline consumption by passenger cars is 14 liters per 100 kilometers, which is very high compared to international standards. We assume that improvements in technology and higher income will allow for the use of more efficient cars in the future, reducing the gasoline consumption to 7. The reason for a decline in gas oil demand by bus is that the specific energy consumption will decrease at a faster rate than the total travel distance will increase. Total fuel consumption by airplane (million liter) 1,630 3,166 Table 9 shows total consumption of different energy types used by the transport sector.
Gasoline and CNG will be the major energy types used in the sector and the final energy demand, which is 217 Mboe in 2005, will grow on average by 2 percent per year to 354 Mboe in 2030. 
Total Energy Demand in the BAU Scenario
Total demand for final energy will increase on average by 2. [ Figure 1 here]
The structure of energy demand will change because of policies and technological changes over the study period. Specifically, the shares of households and manufacturing industries of total energy consumption will increase from 37 and 21 percent to 41 and 24 percent in 2030, respectively. Increasing shares of household and manufacturing industries in total demand for energy are mainly due to the increase in population, urbanization and economic activities in those sectors. The share of transport will decrease from 28 percent to 23 percent due to saturation in the sector coupled with the use of higher efficient vehicles and government policies in promoting public transportation. Table 11 and Figure 2 show the changes in total energy demand by all sectors and the shares for the period 2005-2030.
In the BAU scenario, natural gas demand will have the highest growth rate with about 4 percent growth per year on average, increasing from 309 Mboe in 2005 to 822 Mboe in 2030. The demand for oil products (fuel oil, gas oil, and ga soline) will grow on average between 1 and 2.2 percent. Demand for kerosene, however, will decrease on average by 4.7 percent per year in this period. Figure 2 here]
Energy Efficiency Scenario
Improving the end-use energy efficiency is one of the most important ways to reduce energy consumption in different sectors of the economy (Aydinalp et al, 2001 ). In the efficiency scenario, we focus on energy intensity, which changes with advancement in technology and a change in the structure of the economy. All other things being constant, more efficient technology will decrease the energy intensity. A change in the structure of the economy in favour of less energy intensive production will also reduce the energy intensity. Our primary concern in this scenario will be a change in energy intensity due to a change in technology. For instance, in the household sector, we assume that CFLs and other appliances that are more efficient than current stocks will substitute the traditional inefficient devices. Likewise, in the transport sector, we assume that cars with more efficient engines will drive away the cars with low efficient engines. Furthermore, we assume that an energy price reform will induce a more efficient use of energy in different sectors 9 . Improving energy efficiency after price and non-price policy changes requires changes in capital over time (Koopmans and Velde, 2001) . We assume existing capital will be retrofitted in the medium-term and new capital, production process and techniques will be replacing existing ones in the long run.
Households
For the heating sector, the following assumptions are made:
 For existing buildings, a renovation rate of 2 percent will be applied. This means that during a period of 50 years, all buildings will be renovated to a better standard. The energy saving per building will be 50 percent on average, a value that has already been shown to be feasible in several case studies in Iran. The technical potential to make a building more efficient is about 90 percent.
 For new buildings in 2010 and later, a standard that is about 80 percent better than the average consumption of today's buildings will be applied.
 By the year 2030 about 10 percent of houses will be demolished and replaced by new and better buildings and the size of the living area per person will increase by 10 percent.
 For the supply of hot water, a higher efficiency through better boilers and better insulation of storage tank and taps will be applied.
Overall, total energy demand for fuel by households in the efficiency scenario is estimated to be 52 percent less than that in the BAU scenario in 2030. For electricity used by households, it is assumed that, by the year 2020, compact fluorescent bulbs will substitute 50 percent of the incandescent lamps that households are using today, and in the year 2030, households will substitute 80 percent of the incandescent lamps. Therefore, electrical use by lights in the residential sector in 2030 will be about 40 percent less in the efficiency scenario compared to the BAU scenario. The average electrical consumption of a refrigerator in 2020 is assumed to be 20 percent higher than that of an average refrigerator bought in central Europe today. For the year 2030, the average consumption could be 20 percent higher than that of the most efficient refrigerators, which are sold in Europe today. The same relationship is assumed for freezers and combined appliances (refrigerator and freezer in one appliance). The overall electricity consumption by refrigerators and freezers in the residential sector in 2030 will be 67 percent less in the efficiency scenario compared to the BAU scenario. Using irons equipped with thermostatregulation would lead to a 50 percent reduction in electrical use for ironing. Electricity consumption of this appliance would still be five times higher than the consumption for ironing in Germany. It is also assumed that there will not be a significant change in the water cooler system, but there will be an efficiency improvement in the new air conditioning systems. Although the need for cooling may decrease, the amount of equipment and comfort demands and as a result, cooling loads will increase. Overall, the electricity consumption for the cooling systems in the residential sector will be reduced by 30 percent in 2030 under the efficiency scenario compared to BAU. It is assumed that there will not be a significant change in electricity consumption by computers, but because of changes from CRT-monitor to LCD-monitor TV, electricity consumption of TV-devices will go down 25 percent by 2030. For other appliances no changes in efficiency are assumed.
The average electrical consumption by households in the efficiency scenario is estimated to be 42 percent lower than that in the BAU scenario and thus, more than 25 percent below the current level despite higher penetration rates and higher comfort levels per household. To achieve the efficiency scenario outcomes in the household sector, a set of price and non-price policies are required. Although price reform in which electricity prices would reflect the actual production costs is essential to encourage efficient use of energy, it is not sufficient and should be accompanied by non-price policies. For instance, production of appliances and buildings should be regulated so the minimum energy efficiency standards are met. Rather than subsidising energy consumption, government can also provide incentives to encourage producers and consumers to produce and use more efficient appliances and buildings. Public awareness about the negative consequences of the current trend of energy consumption and education on efficient devices (e.g.
by energy labelling) and on how to use energy efficiently will also be important in achieving the energy efficiency targets in different sectors, particularly households.
Industry
The manufacturing industry in Iran has seen immense growth rates of almost 15 percent per year over the last 15 years, which has led to significant increases in energy consumption. In spite of decreases of energy intensity of about 7 percent per year between 1990 and 2005, the energy intensity of many industrial installations is still significantly above (about 36 percent) world average. This is mainly due to low energy prices, lack of capital for investment in new and/or more efficient machinery, and poor management in industrial plants, which are mostly owned and  The real monetary growth and physical production will be decoupled by a rate of 1 percent per year in the future (as in the BAU scenario), as is typical in more advanced economies. It is also assumed that existing plants will increase their production levels through higher capacity utilization and expansions by about 1 percent per year. The residual production will come from completely new producing sites. By 2030, the number of plants will almost double and new installations will account for about 50 percent of physical production.
 For the technical standard of refurbished and new power plants, the current best available technology (BAT) will be utilized. This standard will further improve in the future by about 1 percent per year. For sectors not covered by the analyses of SABA, an average savings factor of 50 percent by using BAT versus currently installed technology has been assumed based on detailed study results from Graus and Harmelink (2006) .
 It is further assumed that existing plants will be almost completely (83 percent) renewed by 2030. This would enable most existing plants to produce with BAT by 2030.
In the efficiency scenario, a further decline in energy intensity by more than half, or an annual rate of 3.1 percent, will be achieved by 2030. Although this decrease in energy intensity in industry is a continuation of the past trend, its realization requires strong policies to promote efficiency. Overall, the total energy consumption by industry in the efficiency scenario will be 41 percent less than that in BAU scenario in 2030.
Transport
Fuel efficiency in the transport sector can be achieved in two ways; change in the number of cars and travel distance, and change in technology. The basic assumption in the transport sector is that the price of gasoline and gas oil will eventually increase to the border prices. In this case, the number of private vehicles will be lower and the average yearly travel distance will be shorter compared to the BAU scenario. Furthermore, the share of public transport will increase, mainly because of the higher cost of private cars. We assume that the number of private cars will grow Overall, the total energy used in the transport sector in the efficiency scenario will be 35 percent lower than that in the BAU scenario.
To achieve the targets above, the gasoline subsidies should be removed so the price of gasoline reaches the border price levels. Furthermore, more investment in public transport and train system is necessary to provide alternative modes of transportation, particularly in large cities. Efficiency regulation for car manufacturing plants to reduce their energy intakes and produce more efficient cars is also critical. Car manufacturers in Iran have long been under government protection policies such as low interest loans, high tariffs on imported cars, and low gasoline prices. Although the policies have helped the industry grow markedly, they have led to a compromise in the standard and quality of the products. Changing travel behaviour, providing public services using internet and telephone, improvement in road conditions, and consumer awareness on the energy efficient cars and their impacts on environment will also help reduce gasoline consumption.
Total Energy Savings under the Efficiency Scenario
The total final demand for energy under the efficiency scenario will grow on average by 0. others will be between 30 and 40 percent. Demand for all energy careers will decline in the efficiency scenario relative to the BAU scenario. The most significant decline will be in the natural gas and electricity consumption, which will decrease by about 50 percent. Gasoline consumption will also decrease considerably by about 42 percent. Consumption of gas oil, fuel oil and LPG will decrease by about one third. The results are summarized in Table 12 . Total demand for electricity will almost double in BAU scenario in 2030 reaching from 85
Mboe in 2005 to 167 GWh in 2030, that is a 2.7 percent average annual growth. It will, however, increase to 108 Mboe, an average annual growth of 1 percent, in the efficiency scenario. The most significant potential for reduction in electricity consumption is in the manufacturing industry followed by the other sectors (agriculture, commercial, and public). Figure 3 shows the trends of the demand for energy under the two scenarios.
[ Figure 3 here]
Lack of similar studies for Iran does not allow us to compare our results with others, but we note that our results are more conservative than those reported by Davoudpour and Ahadi (2006) for the household demand for energy. In our study, demand for final energy by households will grow on average by 3.4 percent under BAU and -0. percent vs 1.4 percent), but underestimates (2.9 percent vs 3.6 percent) demand growth for natural gas.
Economic and Ecological Impacts of Scenarios
The impacts of the examined scenarios should be of great importance for policy makers facing the socio-economic challenges due to the increasing energy consumption. For instance, in the BAU scenario, the export capacity of crude oil and natural gas will continually decrease because of increasing domestic consumption. With the current trend, it is probable that Iran might not be able to export any oil in the mid-2030s. In the efficiency scenario, however, the Iranian export capacities of oil and gas would decrease more slowly, sustaining the country's export capacity at least until the middle of the century. To calculate energy related GHG emissions, we assume that oil products emit 468 kg CO 2 per barrel and natural gas about 310 kg CO 2 per barrel of oil equivalent. Electricity produces 1,128 kg CO 2 per barrel of oil equivalent which decreases by 2030 to 852 kg due to higher shares of natural gas and higher efficiency of power plants as well as some non fossil generation. For reasons of simplicity, CO 2 -equivalent emissions resulting from conduction losses of gas and burning off during oil production as well as methane and other GHG emissions are not taken into account here..
The CO 2 -equivalent emissions will increase proportionately to the oil and gas consumption and thus will almost double by 2030 under the BAU scenario. This also applies to other pollutants, such as nitrogen oxides, sulphur dioxide, dust and heavy metals, with considerable economic follow-up costs and risks to the public, especially in the high population density areas. In the efficiency scenario, CO 2 -equivalent emissions as well as contamination with other pollutants would decrease considerably. The results show that CO 2 -equivalent emissions under the efficiency scenario will be reduced by 39 percent in 2020 and 45 percent in 2030 vs.
BAU.
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Conclusion
Energy use in Iran has been increasing rapidly over the past decades and will continue to grow in the future. Our study shows that Iran's demand for energy will increase annually by 2.8 percent, on average, which is 1.4 percentage points more than the average growth rate of the global demand for energy over the next 25 years (WEO, 2008) . Part of the excessive growth in energy consumption in Iran can be explained by the stage of development of the country, but heavy subsidies on energy consumption and poor management of energy resources may also be driving forces behind the fast growing use of energy. The fast growing domestic energy consumption will hinder long run economic growth as it will curb the country's ability to export oil and natural gas, which are the main sources of revenue for economic activities in Iran. It will also exacerbate the environmental problems, particularly in highly populated and industrialized areas. Our scenario study results show significant potentials for energy savings in Iran. Specifically, the total final energy demand under the efficiency scenario will be 42 percent less than that in BAU scenario and the energy intensity will decline by about 60 percent by 2030, to a level lower than world average today, but still higher than Germany's intensity target for 2020.
The realization of the energy efficiency scenarios in Iran will lead to significant revenues as the oil saved domestically can be exported to the international markets. The efficiency scenario will also lead to a 45 percent reduction in energy related CO 2 emissions by 2030 as compared to the BAU trends. This means that emissions can be maintained at current absolute levels in spite of economic and population growth. To achieve the measures under the efficiency scenario, the current policy of providing subsidies to energy consumption, particularly in the residential and transport sectors needs to be revised. Furthermore, non-price policies, such as education and public awareness, energy consumption regulation for producers of appliances and vehicles as well as consumers will be needed to slow down the increasing consumption trend, while maintaining an increase of energy services and reducing economic and environmental burdens of energy consumption.
This study is a comprehensive study, which uses survey and aggregate data for different sectors of the economy and different types of energy, to project future energy demand in Iran under the BAU and efficiency scenarios. However, we must outline the following caveats. First, just as in cases of developing countries, the quality of the data may not be reliable, particularly in certain types of data such as household survey data. Unfortunately, such survey data are not available on a regular basis, which would allow errors to be identified and fixed. Furthermore, some of the aggregate data come from sources other than statistical agencies and, therefore, their accuracy cannot be verified. Second, our scenario analysis relies on many assumptions, some of which may not be realistic. For instance, in the BAU scenario, we have taken into account objectives laid out in the five-year development plans and the 20-year vision. However, the record of the government for achieving those targets, especially in most recent years, is not promising. For instance, the projected annual economic growth rate in the fourth and the fifth five-year plans are about 8 percent, but the actual growth rate has been between 1 and 2 percent in those periods. Moreover, our assumptions for efficiency scenario, particularly in the industry sector, rely partly on auditing reports by different public organizations at different times. But the quality of those reports is hard to verify. Third, in our scenario analysis, we have assumed that the energy price reform will be implemented so the energy prices will reflect production costs.
Although the energy price reform has already started in Iran, its effect on energy consumption is not certain yet as it is not accompanied by other structural reforms necessary to support the price reform. Nevertheless, we assume that energy subsidies will eventually be removed bringing energy prices closer to border prices, as government cannot continue with its generous energy subsidy programs due to its budgetary constraints in the long run. Finally, our long run scenario analysis abstracts from the political changes in the region and the country, which might not be realistic in the long run.
1 AAAS Atlas of Population and Environment lists Tehran among the most polluted cities in the world (http://atlas.aaas.org) 2 For a comparison between econometric models (conditional demand analysis) and end-use models see Larsen and Nesbakken (2004) and for a survey on modeling techniques see Swan and Ugursal (2009), and Bhattacharyya and Timilsina (2010) .
3
Subsidies include direct payments by government and indirect or hidden subsidies calculated as the difference between the domestic and border prices. 4 Due to space limit, we do not present all our calculations. The detailed information will be available from the authors upon request.
5
Fluorescent lamps are old long or round fluorescent lamps, and Low Consumption Lamps are compact fluorescent lamps (CFLs). 6 To estimate the cooler penetration rate, the information on electricity use in the "very hot" and "hot" regions is used. In the very hot and humid regions, like southern and some northern areas, people use an air conditioner in hot months. We first estimate the number of coolers used by households using the household electricity consumption information for those regions in hot and cold months (three months) and the average electricity consumption by type of coolers used in Iran. In total, there are about 16 million households using electricity in Iran, from which about 3.2 million households live in the hot areas (70 percent in very hot areas and 30 percent in hot areas.) The water system and gas system cooler penetration rates are calculated based on the weighted average of the cooler stock in Iran. 7 There is a discrepancy between the data published by the Iranian Statistics Center (ISC) and the Ministry of Energy in the Energy Balance (EB) on the energy use by the manufacturing industries. This is mainly due to the difference in the samples used by these two agencies. Here, we have taken the total energy use from EB and distributed its difference with ISC among the industries using their shares from ISC. 8 Gasoline price is not a significant factor as it has been kept very low for a long period.
9
One of the main items in the government economic reform plan, which began in 2010, is to remove energy subsidies in five years. Specifically, the gasoline price would increase to border price and utility bills would reflect their production costs. .
10
There are other pollutants such as SO2, NO x , dust, CO, and heavy metals like lead, which are generated during the combustion of oil and gas in the industry and the transport sectors and constitute a massive risk to humans and the environment. We have not included these external costs imposed on health and environment in our analysis. 
